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Hanson^^^ originally suggested that upper atmospheric 

helium ions produced by photoionization may be lost by an ion- 

atom interchange process with molecular nitrogen. Bates and 
( 2 ) 

Patterson have argued that the loss process with N 2 is un- 
likely to occur since it is endothermic, but that a similar 
process with 0 ^ may well be possible which also would lead to 
the creation of neutral helium with energy greater than that 
required for escape. Thus, the latter process represents also 
an attractive solution to the long standing problem of helium 

(31 

escape. Most recently, Ferguson et al' '' have presented 
evidence from laboratory measui-ements , that the rate coef- 
ficient for the reaction of helium ions with N„ is about the 

same as that involving 0_ , both having the rather high value 

-9 3-1'^ + 

of k « 10 cm sec , so that the loss process for He would 

obviously be governed by the more abundant constituent N„. 

(41 ^ 

Previous laboratory measurements by Fite et al ' indicated 
that whereas the reaction of He^ with 0^ has a rate coefficient 
of the order of 5xl0~‘*'^cm^sec’'''', the reaction rate of the 
process involving N 2 must be much smaller. 

The two possible loss processes suggested by these lab- 
oratory experiments are as follows: 

He"*" + N 2 -» He + N"*" + N (1) 

He'*' + O 2 - He + 0 '*' + 0 (2) 

since the only ionic constituents found in the laboratory 

+ + 

reactions are N and 0 , respectively. The processes (1) and 
(2) would correspond to dissociative charge transfer, although 





2 


the final product of (2) does not preclude the occurrence of 
the ion-atom interchange process suggested by Bates and 
Patterson^^^ . 

In view of the great importance of the He^ loss process 
for a number of aeronomic problems, including that of helium 
escape, a test of the suggestion of Ferguson et al based on 
the observed atmospheric ion composition data, is imperative. 
Unfortunately there are only a few measurements of the vertical 
distribution of He^ by means of rocket-borne ion mass spec- 
trometer Of these, the measurement by Pokhunkov^^^ 

is most suitable for such a test since it provides in addition 

to the altitude variation of He^ that of the minor ion N^, As 

+ + 

we shall see, the simultaneous measurement of He and N is 

important to this test. Although Pokhunkov’s data extends only 

to an altitude of 430 km, this is sufficient for the test, 

since we are concerned only with the region where He^ is 

( 8 ) 

controlled by chemical equilibrium' Since the loss process 

+ 

is leading to the formation of N , which exists in the atmo- 
sphere as a minor ionic constituent, the behavior of this ion 
should be useful in our test. From Pokhunkov’s observation 
it is apparent that above 350 km decreases very slowly with 
altitude. This can be explained as the result of production 
of N via the He loss process (1) involving Ng as shown in 
the following. 

For He in chemical equilibrium we can write 


Inel^He] = [He'^]{k^CN2] + 


(3) 


— 8 — 1 

where I„ = 3x10 sec” is the photo-ionization rate coefficient 
(9) 

for helium which can be used at altitudes above 300 km where 


the optical thickness is negligibly small. According to Ferguson 
et al^^\ kj^ « k 2 and since [N 2 ] » CO 2 ] we neglect the loss 
term involving O 2 , Thus, the distribution of He^ in chemical 
equilibrium can be expressed by 


( 5 ) 


.+ 


The rate of formation of N , q(N ), can be written 


qCN*^) = Ij^CN] + k^CHe'^lCNg] 


Since atomic nitrogen is a minor constituent and its photo- 
ionization rate coefficient is comparable to k^^CHe^], we 
shall neglect the photoionization term compared to the chemical 

production term. Any conceivable chemical loss process for 

+ 

N at altitudes above 300 km will have a longer time constant 
than the diffusion time, so that the production rate of 
should be balanced by the divergence of the diffusion flux 
thus 

[Nj] (6) 


It is easily shown that, neglecting second order terms, 

^ , where is the scale height of the constituent 

through which diffuses, i.e. the scale height of 0^, while 
F(N^) = CN^]Vj,, where Vj^ is the diffusion velocity. If we 
assume that v^ = const over the altitude range under conver- 
sation, we can write v^/Hp « K and thus from (6): 

[N^] CHe'^][N2] (7) 

Substituting from (4) for [He^] we obtain 


[N+] 


He [He] 


K 


( 8 ) 


Thus, the altitude variation of N should follow that of neutral 
helium. This is shown in Fig. 1 where the ion concentrations 
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f 5^ 

represent the smoothed data of Pokhunkov'. and the neutral 
constituents are based on the 1964 Harrls-Prlester upper 
atmosphere model^^®^ for a temperature of TsslOOO^K, corre- 
sponding to the time of the rocket observation. It is also 
seen in Fig, 1 that He^ follows the ratio [He]/CN 2 ] according 
to (4) . (Although the neutral constituents were also measured 
by Pokhunkov^^^^ on the same rocket flight, no helium was 
observed, because its concentration was too low to be detected 
by the mass spectrometer. The observed N 2 distribution, how- 
ever, is in good agreement with the model distribution 
used here.) 

While there thus appears to be good evidence that a 
reaction involving N„ is responsible for the loss of He^ as 
suggested by Ferguson et al'- , their rate coefficient, how- 
ever, is unacceptably high in the light of the experimental 
data of Pokhunkov^®\ as well as those of Taylor et al^®\ 
Based on realistic assumptions about the density of neutral 
constituents but allowing for an underestimate of I|jgCHe]/[N 2 ] 

by as much as one order of magnitude, a maximum value of the 

-11 3 -1 

rate coefficient k^^ ^ 10 cm sec is acceptable in the light 

of atmospheric data. Furthermore, if helium ions are indeed 

lost primarily by process (1) involving N 2 , as suggested here, 

then it also follows that the rate coefficient k 2 for the loss 

process (2) involving 0„ must be comparable to k, . Thus, the 

^ (S') 

laboratory values of Ferguson et al' ' for kj^ and k 2 are at 

least two orders of magnitude higher than the maxlmiun value 

consistent with atmospheric data. It should be noted that a 

-12 3 -1 

value of kj^ w 10 cm sec was originally inferred from the 
first, though indirect, observation of helium ions in the 
upper atmosphere^^\ 
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CAPTION FOR FIG. 1 


Altitude variation of observed ionic constituents and 

related neutral constituents from model atmosphere. Solid line 

curves represent the smoothed (within error limits) ion concen- 

('5'i 

tration data of Pokhunkov^ ^ , dashed lines are neutral con- 
stituents from Harris-Priester model atmosphere for T«1000°K, 
corresponding to the time of ion concentration measurement 
(15 November 1961, 1600 LMT) . 
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